A total of 34 yeast strains were isolated from rice wines pressed from tapé ketan, Indonesian traditional fermented-glutinous rice. Among them, two strains that grew and fermented above 42°C were selected for further analysis. Fermentation was carried out in medium containing 15% (w/v) glucose at 40°C, and ethanol productivity was measured after 48 h of incubation. The two strains, TB2-1 and TW1-3, were found to have upper temperature limit of 46 and 47°C, and higher ethanol productivity of 5.9% and 6.4% (w/v), respectively. These two yeast strains were identified by traditional and molecular techniques. In the molecular technique, 18S rDNA and internal transcribed spacer 1 (ITS1) rDNA genes were amplified by polymerase chain reaction (PCR) using specific primers. The sequences of these two regions for the two strains were phylogenetically analyzed, and the yeast strains TB2-1 and TW1-3 were identified as Issatchenkia orientalis and Saccharomyces cerevisiae, respectively.
Introduction
The production of ethanol by yeast fermentation in tropical countries, especially during the summer season, is not economically feasible because of the high energy input required to cool the fermenters. Thermotolerant yeasts offer potential advantages in the alcohol industry by reducing cooling costs and by having faster fermentation rates, thereby making the process more economical (Kiransree et al., 2000; Pasha et al., 2007) . There have been a limited number of attempts to obtain yeasts from non-food sources that are capable of growth and fermentation at or above 40℃, with some researchers genetically modifying fermentative yeasts to be thermotolerant (Hong et al., 2007; Kawamura, 1999) . Apart from these approaches, screening of yeasts from various environments, including soil in hot regions (Kiran Sree et al., 2000) , appears to be the major way of identifying suitable strains for commercial production and reducing the cost of the process. To the best of our knowledge, there has been no report on the characteristics of thermotolerant, fermentative yeasts from rice wines. In this study, we used Indonesian rice wines pressed from tapé ketan to identify thermotolerant, fermentative yeasts.
Tapé ketan is a traditional Indonesian fermented food prepared from glutinous rice, which has been steamed, inoculated, and allowed to ferment for 24 to 48 h or longer at ambient temperatures (25 to 30℃) (Cronk et al., 1979) . The alcohol content of tapé ketan inoculated with different starter cultures ranges from 2.6 to 3.7% (v/v) after fermentation for 48 h and 4.2 to 7.4% (v/v) after 96 h (Law et al., 2011) . In tapé ketan fermentation, reducing sugars increase from less than 1% to approximately 5% in 24 h and reach a maximum concentration, 16 to 17%, between 36 and 48 h (Cronk et al., 1977) .
Rice wines like the liquid portions of tapé ketan are popular alcoho130lic beverage in Asian countries (Dung et al., 2006; Jeyaram et al., 2008) . Most countries that make rice wines are situated in tropical and subtropical regions; therefore, we expected that thermotolerant, fermentative yeasts may exist in the fermented foods.
Materials and Methods
(1)Sample collection Rice wines, the liquid portions of the tapé ketan used in this study, were white, red and green. tion above 42℃ were selected and used to prepare seed cultures. Each strain was inoculated into a test tube containing 10 mL of YPD liquid medium and cultured at 37℃ for 8 to 10 h by reciprocal shaking at 120 rpm. A 200-µL volume of the culture was re-inoculated into a 300-mL shaking flask containing 100 mL YPD medium and cultured at 37℃ to the early stationary phase. The culture was then centrifuged at 3000 × g for 5 min at 4℃, washed twice and resuspended in sterile tap water containing 0.1% glucose. A 100-mL volume of Tyndalized (Vaughan-Martini and Martini, 1998) YPD screening medium containing 15% glucose was dispensed into a 300-mL Erlenmeyer flask and inoculated with 5 g of wet seed culture. The fermentation flasks were fitted with stoppers to vent CO 2 through a water trap and incubated in a Bio Shaker BR-15LF incubator at 40℃ with shaking (130 rpm). A 10-mL sample was withdrawn from each flask after 48 h and centrifuged at 6000 × g for 10 min at 4℃ to remove cells. The supernatants were used for ethanol determination as described by Suresh et al. (1999) .
(5) Identification of yeasts by conventional technique Conventional identification of yeast was carried out according to the criteria described by Kurtzman and Fell (1998) based on morphological and physiological characteristics. Furthermore, additional tests for starch formation, urea hydrolysis and Diazomium Blue B (DBB) color reaction tests were also carried out as described by Yarrow (1998) . The Kurtzman and Fell (1998) and Barnett et al. (2000) keys for yeast identification were used.
(6) Identification of yeasts by molecular techniques a) DNA isolation, amplification and sequencing All the selected yeast strains were grown in 5 mL YPD liquid media at 30℃ for 24 h in a shaker incubator (150 rpm). DNA isolation was performed using the method described by Makimura et al. (1994) . Polymerase chain reaction (PCR) amplification of the 18S rDNA region was carried out in 50-µL reaction mixtures containing 50 ng DNA, 0.5 µM of each primer (NS1, 5'-CCA GTA GTC ATA TGC TTG TC-3', SchabereiterGurtner et al., 2001; and FR1, 5 '-AIC CAT TCA ATC GGT AIT-3', where I represents inosine, Cook et al., 2008; Pasha et al., 2007) , 5 µL of 10 × buffer, 4 µL of dNTP mixture (each dNTP at 2.5 mM) and 1.25 U TaKaRa Taq DNA polymerase (Takara, Shiga, Japan). PCR amplification was performed in a GeneAmp ® PCR system 7900 thermocycler (PE Applied Biosystems, Foster City, CA, USA). The thermal cycling profile was an initial denaturation at 95℃ for 8 min, followed by 35 cycles of 95℃ for 30 s, 47℃ for 45 s and 72℃ for 3 min, and a single final extension step at 72℃ for 10 min. Amplification of the ITS1 rDNA region was carried out as described above in 50-µL reaction mixtures but using
The process of making tapé ketan has been described previously (Steinkraus, 1996) . All samples were collected from Solo, in Central Java (Indonesia).
(2)Isolation of yeasts Bottles containing 500 mL of sample were shaken well, and a 0.5-mL aliquot of each sample was inoculated into 5 mL of autoclaved yeast extractmalt extract broth (YM broth) containing 0.3% yeast extract (Difco, Detroit, MI, USA), 0.3% malt extract (Difco) and 0.5% polypeptone (Wako Pure Chemical Co. Ltd., Japan). To these YM broths, 2, 25 or 50% glucose were added and labeled YM2, YM25 or YM50, respectively. The pH was adjusted to 3.7 and 4.5 for YM2 and YM25 media, respectively, using 1 M HCl. The pH of YM50 was 5.9. Inoculated broth cultures were incubated in a shaker incubator (200 rpm) at 30℃ for 7 days. All YM agar media (2, 1.5 and 1.2% agar added to YM2, YM25 and YM50 media, respectively) were streak inoculated from the suspension cultures as described by Kurtzman et al. (2001) . Streaked plates were incubated at 25℃ for 7 days. Colonies were plated again onto the corresponding agar media, and pure cultures were maintained on yeast extract-peptone-glucose (YPD) agar slants containing 0.5% yeast extract, 1% polypeptone, 2% glucose and 2% agar at 4℃.
(3) Screening of thermotolerant, fermentative yeasts a) Fermentation activity test at 40℃ YPD screening medium containing 1% yeast extract, 2% polypeptone and 2% glucose was used. Each of the isolated strains was grown on YM agar (24 − 48 h at 25℃) and then inoculated into 5 mL of YPD screening medium in a test tube containing a Durham tube and incubated at 40℃ for 5 days. The yeast fermentation activity was scored by the accumulation of gas in the Durham tubes. Strains fermenting glucose and producing gas in the Durham tubes within 24 h were selected for further tests.
b) Upper temperature limit test Selected strains were tested to determine the upper temperature limit for fermentation. A fresh culture grown at 37℃ was inoculated into 5 mL of YPD screening medium in a test tube containing a Durham tube. The test tubes were incubated in three Bio Shaker BR-15LF incubators (Taitec Co. Ltd., Tokyo, Japan) with gentle shaking twice a day. The incubators were kept at a constant temperature, and each was increased in intervals of 1℃ per day. The accumulation of gas in the Durham tube was observed daily. The upper temperature limit for fermentation was considered to be located between the lowest temperature at which no fermentation occurred after 5 days and the next lowest temperature at which fermentation had occurred as described by Walt and Yarrow (1984) .
(4) Ethanol production by thermotolerant, fermentative yeasts Strains with upper temperature limits for fermenta-
Results
Isolation of yeasts We were able to isolate pure yeast strains even though the rice wines had been prepared using indigenous alcohol starters that are known to contain mixed cultures of microorganisms (Aung et al., 2004) . Thirty-four yeast strains isolated from three types of traditional rice wines are shown in Table 1 .
Screening and upper temperature limit of thermotolerant, fermentative yeasts The six strains, TW1-2, TW1-3, TW3-3, TW3-4, TB2-1 and TG2-1, showed strong fermentation and produced gas at 44℃ within 2 days of incubation. However, according to the morphological tests, five strains (TW1-2, TW1-3, TW3-3, TW3-4 and TG2-1) seemed to have similar characteristics. As a consequence, strain TW1-3, which exhibited the strongest fermentation activity of the same group, and TB2-1 were selected for further analysis. The upper temperature limit of the two selected strains, TB2-1 and TW1-3, after a 5-day incubation, was 46 and 47℃, respectively. Kiran Sree et al. (2000) classified thermotolerant yeasts as those that had the ability to grow at temperatures above 40℃. Thus, we classified our two strains as thermotolerant yeasts.
Ethanol production by thermotolerant, fermentative yeasts Yeast strains that are able to produce ethanol in cultures with higher concentrations of glucose [15% (w/v)] are important for industrial fermentation. In this study, the alcohol productivity of strains TB2-1 and TW1-3 at 40℃ after a 48-h incubation was observed in YPD medium containing 15% glucose. Under these conditions, ethanol production with the strains TB2-1 and TW1-3 was 5.9% and 6.4% (w/v), respectively.
Identification of yeasts by conventional techniques With respect to various morphological characteristics and fermentation of various sugars, including glucose, galactose, lactose and raffinose, strain TB2-1 exhibited the features of Issatchenkia orientalis, as described in the literature (Barnett et al., 2000; Kurtzman and Fell, 1998) . This strain also formed primers 18SF1 (5'-AGG TTT CCG TAG GTG AAC CT-3') and 58SR1 (5'-TTC GCT GCG TTC TTC ATC GA-3') as described by Makimura et al. (2001) . The thermal cycling profile was an initial denaturation step at 94℃ for 5 min, followed by 25 cycles of 94℃ for 1 min, 60℃ for 15 s and 72℃ for 15 s, and a single final extension step at 72℃ for 10 min.
PCR amplicons (3 µL) were subjected to electrophoresis on 2% (w/v) agarose gels along with ФX174 DNA-HaeIII (Takara) as the DNA marker at 100 V on a Mupid α mini gel electrophoresis device (Advance Co., Ltd., Tokyo, Japan) for 40 min. Gels were stained with ethidium bromide and visualized under UV light (Toyobo Co. Ltd., Japan).
Amplified products were purified using Quantum Prep PCR Kleen Spin columns (Bio-Rad, Hercules, CA, USA) before sequencing. For the sequencing reactions, 12 ng of purified DNA with primer NS26 (5'-CTG CCC TAT CAA CTT TCG A-3', Schabereiter-Gurtner et al., 2001) , and 5 ng of purified DNA with primer 18SF1, were used to sequence the 18S rDNA and ITS1 rDNA regions, respectively. DNA sequences were determined using the ABI PRISM 310 sequencer (PE, Applied Biosystems).
b) Phylogenetic analysis of the 18S and ITS1 rDNA sequences To identify the nearest phylogenetic neighbors, each partial sequence of 18S and ITS1 rDNA genes from yeast strains TB2-1 and TW1-3, was compared to sequences in the NCBI GenBank database (www.ncbi.nlm.nih.gov) using the homology search tool (blastn) (Altschul et al., 1997) . To produce phylogenetic trees, sequences were aligned using the CLUSTAL W multiple sequence alignment program (version 1.81) (Thompson et al., 1994) and edited manually. Alignments were performed using several yeasts that were closely related to yeast strains TB2-1 and TW1-3, based on information obtained using the BLAST search. Phylogenetic trees were constructed using MEGA, version 3.1 (Kumar et al., 2004) . Tapé ketan (white) TW1-1, TW1-2, TW1-3 TW2-1, TW2-2, TW2-3, TW2-4, TW2-5, TW2-6, TW2-7 TW3-1, TW3-2, TW3-3, TW3-4, TW3-5 15
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Tapé ketan (green) TG1-1, TG1-2, TG1-3 TG2-1, TG2-2, TG2-3, TG2-4, TG2-5 ). These sequences were used to construct a phylogenetic tree based on 1000-subsample bootstrapped maximum parsimony analysis (Fig. 1A) . The results indicated that strain TB2-1 was phylogenetically closest to I. orientalis and Pichia norvegensis (supported at a level of 69% by bootstrap analysis). Strain TW1-3 was found to be closely related to various Saccharomyces species as shown in Fig. 1A (supported at a level of 92% by bootstrap analysis). Identification at the species level by PCR amplification of ITS1 rDNA sequences from TB2-1 and TW1-3 was also carried out as described above. The 137-bp sequence of strain TB2-1 revealed a very high nucleotide identity with only one species of I. orientalis (98.5 − 100%). A BLAST search of the 369-bp amplicon from strain TW1-3 was performed, and the most similar matches and nucleotide identities were S. cerevisiae (99.5%), S. paradoxus (98.0%), S. cariocanus (98.0%), S. pastorianus (94.9%), S. bayanus (94.6%) and S. kudriavzevii (96.8%). These sequences were also used to construct a phylogenetic tree based on 1000-subsample bootheavy, dry climbing pellicles on assimilation media, and one or two round ascospores were also found on acetate agar after a 3-day incubation. Almost all the characteristics of strain TW1-3 matched the standard species description of Saccharomyces cerevisiae (Barnett et al., 2000; Kurtzman and Fell, 1998) . TW1-3 also produced one round or oval ascospore on acetate agar after a 3-day incubation, and in some cases, four ascospores were observed. However, this strain gave a positive reaction in the assimilation of D-xylose, and a positive but delayed reaction in nitrate, which was not observed in S. cerevisiae as described by Kurtzman and Fell (1998) .
PCR amplification and sequencing The amplification of the 18S rDNA and ITS1 rDNA PCR amplicons was verified by electrophoresis on 2% (w/v) agarose gel. Using primer NS26, the 18S rDNA PCR products in strains TB2-1 and TW1-3 were 920 bp and 899 bp, respectively. ITS1 rDNA PCR amplicons of 137 bp and 369 bp were obtained using primer 58SR1 for TB2-1 and TW1-3, respectively.
Phylogenetic analysis To confirm the traditional identification techniques, 18S rDNA and ITS1 rDNA sequencebased phylogenetic analyses were performed. Based on the BLAST search with the above 18S rDNA sequences, the closest matches to strain TB2-1 and nucleotide identities strapped maximum parsimony analysis (Fig. 1B) . The results strongly suggest that strain TB2-1 is I. orientalis, as both appear within the same cluster, a finding supported at 100% by 1000-subsample bootstrap analysis. Moreover, the results indicated that strain TW1-3 was phylogenetically closest to S. cerevisiae (supported at a level of 53% by bootstrap analysis). Trees generated by the neighbor-joining method showed the same groupings (data not shown).
Discussion
According to the previous report (Kiransree et al., 2000) , S. cerevisiae isolated from the soil in a hot region can produce up to 6.3% (w/v) ethanol in a 15% glucose medium at 40℃ after 48 h. In another report, a thermotolerant strain of S. diastaticus was found to produce 6.4% ethanol within 24 h at 40℃ (D'Amore et al., 1989) .
In this study, the ethanol productivity, especially for the S. cerevisiae strain TW1-3, which produced 6.4 % ethanol at 40℃ after 48 h incubation, was comparable to ethanol production by yeasts used in industrial processes. S. cerevisiae is the most effective ethanol producer identified to date. The next most effective ethanol producing species, which is commonly found in several types of traditional alcohol starters in the Asia-Pacific region, was I. orientalis. This species was also a strong fermenter that can produce up to 6% (w/ v) ethanol in broth culture (Thanh et al., 2008) . The use of I. orientalis is of interest to researchers in the fields of alternative direct-fed microbial feed additives (Shin et al., 2002) and biological reduction of excess malic acid in winemaking (Seo et al., 2007) . Kim et al. (2008) reported that co-fermentation of S. cerevisiae and I. orientalis improved the sensory properties and qualities of wines. In this study, the ethanol productivity of strain TB2-1, which produced 5.9% (w/v) ethanol at a high temperature of 40℃ after a 48 h of incubation was considerable for single or mixed fermentations.
People in the rural areas of China, India and most of the Southeast Asian countries produce rice wines that are similar to the liquid pressed from tapé ketan. Therefore, the selection of microorganisms is an important step in the preparation of high-quality rice wines in those regions. On the other hand, industrial-scale ethanol fermentation is usually carried out at 30 to 35℃ because the final fermentation efficiency rapidly decreases if the temperature rises above 35℃. It is therefore important to enhance the fermentative ability at high temperatures in order to achieve more efficient industrial ethanol production. The discovery of the thermotolerant, fermentative yeast strains, S. cerevisiae TW1-3 and I. orientalis TB2-1 in rice wines is of interest and significance not only for traditional rice wine and alcohol producers but also for industrial purposes.
